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Fig. 2A is a perspective view showing the closure device of Fig. 1A in a folded
configuration and positioned next to a deployment system for use is placing the closure
device in an abdominal wall incision. .

Figs. 2B through 2G are a sequence of perspective drawings illustrating
deploymént of the closure device of Fig. 1A using the Fi g. 2A system.

Fig. 3 is a cross-section view of a portion of stomach wall and illustrates the
closure device of Fig. 1A after it has been positioned as described in connection with
Figs. 2A through 2G.

Fig. 4A is a perspective view of a second embodiment of a closure device.

Fig. 4B shows a side elevation view of the closure device of Fi g. 4A.

Fig. 5 is an exploded perspective view of a third embodiment of a closure device.

Fig. 6A is a side elevation view of a fourth embodiment of a closure device
positioned in a stomach wall incision.

Fig. 6B shows the closure device of Fig. 6A positioned in a delivery cannula.

Fig. 6C shows the closure device of Fig. 6A deployed in a stomach wall incision.

Fig. 6D is a side view similar to Fig. 6B showing a modification to the Fig. 6A
embodiment positioned in a delivery cannula.

Fig. 7A is a perspective view of a fifth embodiment of a closure device.

Fig. 7B is a side elevation view showing the Fig. 7A closure device positioned
through an incision in a stomach wall.

Figs. 8A and 8B are views similar to Figs. 7A and 7B showing the closure device
of the fifth embodiment during folding of the distal wing.

Figs. 9A and 9B are views similar to Figs. 7A and 7B showing the closure device
of the fifth embodiment following folding of the distal wing.

Fig. 10A is a top plan view of a sixth embodiment of a closure device.

Fig. 10B is a side elevation view of the closure device of Fig. 10A.

Fig. 10C is a plan view similar to Fig. 10A showing the closure device, dlsposed
in an incision through a stomach wall, following folding of the distal wing.

Fig. 11 is a perspective view showing a seventh embodiment of a closure device
being inserted through an incision in a stomach wall.

Fig. 12A is a top plan view showing the closure dévice of Fig. 11 positioned in an
incision.

Fig. 12B is similar to Fig. 12A and shows the closure device being collapsed to a

-2.
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DETAILED DESCRIPTION

The present application describes a number of closure devices that may be
endoscopically implanted (preferably in a transoral procedure) to close an incision or
other type of opening or puncture in an interior body wall such as a stomach wall. For
simplicity, any type of opening formed in the body wall wiil be referred to as an incision.
The descriptions given herein will be described as a gastrotomy closure device for closing
incisions formed in stomach walls, although the devices and associated methods are
suitable for use in closing incisions in other body walls (e.g. the uterus, vagina, colon or
other parts of the intestinal tract) as well.

In general, closure devices of the type described herein comprise a pair of
expandable portions, one of which is positioned inside the stomach and the other of which
is positioned on the stomach exterior. A connecting feature extends between the
expandable portions and is generally positioned extending through the incision. The
closure devices seal the incision preventing passage of fluids or material from stomach
into the peritoneal cavity while the incision heals. They are preferably
bioabsorbable/bioerodible implants so that they disappear once sufficient healing has
taken place, but they may instead be permanent implants. In this disclosure, the term
“bioerodible” will be used to describe any type of material that absorbs, degrades, erodes,
etc. within the body over time. In some embediments, the closure device additionally
forms a platform or scaffold onto or through which tissue can grow during the healing
process.

Figs 1A — 1C illustrate a first embodiment of a closure device 10, which includes
a pair of wings 12a, 12b and a connecting element 14 of any of a number of shapes
extending between the wings. Wings 12a, 12b are shown as having an oval shape,
although other shapes including, but not limited to, elliptical or circular shapes may be
used. Also, the proximal wing 12b (or “interior” wing since it is placed in the stomach
interior) may have a shape or configuration different from that of the distal (or “exterior”)
wing 12a as described in the various embodiments discussed below.

In the first embodiment, the connecting element 14 is an elongate rib proportioned
so that it may be positioned within an incision in the stomach. While not mandatory, the
elongate shape of the rib is particularly suitable for a closure device used to close an

elongate cut or tear in the tissue. The dimensions for the closure device are selected such
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sheath 28. Use of the system 18 will next be described.

In preparation for deployment, the closure device 10 is folded as described above,
and the proximal wing 12b to be deployed in the stomach interior is engaged in its folded
state by grasper 22. The grasper 22 and a portion of the device 10 (including wing 12b) is
withdrawn into the delivery cannula 20, leaving distal wing 12a positioned outside the
distal opening of the delivery cannula 20. The delivery cannula 20 and the folded closure
device 10 are positioned within the intermediate sheath 28 so as to maintain the folded
configuration of the device 10. The intermediate sheath 28 and endoscope are positioned
within the outer sheath 24 as shown in Fig. 2B.

The distal end of the outer sheath 24 is passed through the mouth and esophagus
and into the stomach. As shown in Fig. 2C, the intermediate sheath 28 is advanced out of
the outer sheath 24 and through the incision (not shown) under visualization using the
endoscope 26. At this stage the device 10 is within the intermediate sheath 28, along with
the grasper 22 and delivery cannula 20, neither of which is visible in Fig. 2C. Referring
to Fig. 2D, the intermediate sheath 28 is next withdrawn, exposing the exterior wing 12a
of the device 10, causing the wing to expand on the exterior of the stomach to the position
shown in Fig. 6. The delivery cannula 20 is withdrawn as shown in Fig. 2E, but the
interior wing 12b remains folded because it remains within the jaws of the grasper 22.
Traction is applied to the grasper to pull the exterior wing 12a into contact with the
stomach wall. The grasper 22 is then actuated to release the wing 12b, causing it to
expand in the stomach interior (Fig. 2F), leaving the device positioned within the incision
as shown in Fig. 3. One or both of the wings 12a, 12b forms a seal with the stomach wall
to prevent leakage of stomach contents into the peritoneal space. The elongate s-hape of
the rib 14, which extends through the incision, helps to maintain the alignment of the
sides of the incision. As the incision heals, tissue grows through the slots 16. Over time,
the device degrades or absorbs within the body.

A second embodiment of a closure device 10b is shown in Fig. 4A and 4B.
Closure device 10b is similar to the first embodiment, except that the slots 16 of the first
embodiment are replaced with a plurality of openings 16b in the rib 14. The openings
16b are positioned on the side of the rib closest to wing 12a. When the closure device is
deployed, this configuration places the openings adjacent to the serosal tissue lining the
exterior surface of the stomach. The openings thus create access through the device for

serosal tissue bonding as serosal tissue grows through the openings from opposite sides of
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illustrated in Figs. 8A and 8B. Folding preferably continues until the strip 32b collapses
into a double layer wing as shown in Figs. 9A and 9B. Knots 35 or other locking features
on suture 34a contact the proximal surface of wing 12b, preventing reopening of the distal
wing 12a.

Figs. 10A-10C illustrate an alternative to the Fig. 7A — 9B embodiment, in which
the distal wing 12a is also formed using strip 32a, but in which only one end of the strip
32a is coupled to the proximal wing 12b. In this embodiment, suture 34a is positioned to
causes the strip 32a to fold to form the distal wing 12a when tension is applied to the
suture 34a. For example, in the illustrated embodiment, suture 34a extends in a
rectangular U-shaped pattern, with the lateral connector 39 of the “U” positioned near the
distal end of the strip as shown in Fig. 10B. Each leg of the “U” extends along a first face
of the strip 32a, then passes through the strip material and extends along the opposite face
of the strip before passing again through the strip material.

To close an incision using the Fig. 10A-10C embodiment, the strip 32a is inserted
through the incision and the proximal wing 12b is placed against the interior stomach wall
as described above. When tension is applied to the end portions of the suture (see the
arrows in Figs. 10B and 10C), the strip 32a folds one or more times into a predetermined
shape and seats against the exterior wall of the stomach, forming exterior wing 12a. For
example, the Fig. 10A — 10C embodiment is configured such that the lateral connector 39
of the “U” of the suture folds the distal end of the strip 32a into an orientation that is
generally parallel the proximal wing 12b. As with the prior embodiments, the knots 35
engage with proximal wing 12b to lock the strip

In the alternate embodiment of Figs. 11— 12C, strip 32a functioﬁs as both the
proximal wing 12b and the distal wing 12a. As with the previous embodimment, a pullwire
such as suture 34a is employed to collapse or fold the strip into a desired arrangement.
The strip 32a is fed through the incision as illustrated in Fig. 11, and the suture is
withdrawn to collapse the strip as shown in Fig. 12B. With the suture pattern shown in
Figs. 11 -12C, full retraction of the suture places folds 41a, 41b in the strip 32a. The
distal and proximal ends 43a, 43b of the sirip preferably overlap the incision to facilitate
sealing of the incision.

As illustrated in Figs. 13 — 135, the closure device may be provided with features
that facilitate sealing between the closure device and the stomach wall. For example, as

shown in Fig. 13, inner wing 12b (or the outer wing if preferred) may include an annular
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In another embodiment shown in Figs. 20A, 20B, the closure device 58 is a
tubular braid having proximal and distal collars 60a, 60b. When expanded, the device 58
includes a narrow waist 62 formed by a restrictor band as shown, or by tapered
construction of the braid material. The closure device is expanded by shortening the
distance between the collars 60a, 60b using one of many techniques. Using the technique
shown in Fig. 20bB, collar 60b is held in a fixed position on detachable mandrel 66 while’
collar 60a is advanced distally along the mandrel. The mandrel is detached following
expansion.

In alternative embodiments, a closure device similar to the closure device of Fig.
1A may have wings joined together using a rib formed of one or more pairs of
interlocking pieces. Various configurations for interlocking ribs are shown in Figs. 21A
through 22C.

In another example of a two piece closure device illustrated in Fig. 24A, each of
the wings 70, 72 may be threaded onto one or more barbed strands 74. With the wing 70
positioned outside the stomach and the strands extending through the incision, tension is
applied to the strands as the wing 72 is pushed towards the stomach wall using a pusher
76. As illustrated in Fig. 24B, improved control over the pusher may be had by threading
the pusher 76 onto the strands 74. As the wings 70, 72 are brought together, a rib 78 on
one of the wings 70 extends through the incision and contacts the other wing 72. The rib
78 may slide into a corresponding recess 80 or interlocking feature in the wing 72. The
barbed strands act as a “zip tie”, allowing the wings to be retained in a desired
relationship relative to one another giving the user the ability to choose the amount of
tissue compression to be used. Once the wings are positioned and the strands 74
tightened, the loose ends of the stands are clipped and removed from the body.

Figs. 24C and 24D illustrate that the wings 70, 72 may be shaped such that when
they are tightened against the tissue, their central regions bow inwardly to facilitate
sealing of the incision. Figs. 23A and 23B illustrate that the wings 70, 72, with the
strands 74 coupled to them, may be positioned in a delivery cannula 20 for deployment.

Figs. 25A and 25B illustrated an alternative two-piece design in which the wings
70, 72 are joined together within the body using a screw connection 80a, 80b.

In any of the disclosed the devices, sealing contact between the stomach wall and
either or both of the proximal and distal wings/anchors may be enhanced through the use

of adhesives. The adhesive may be a slowly degrading cyanoacrylate such as octyl-2-
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We Claim:

1. A method for sealing an incision in an interior body wall, the method comprising:
identifying an incision in a body wall within a living body wall, the body wall
having first and second surfaces;
positioning a closure device within the incision having a seal and an anchor
coupled to the seal, positioning the closure device including positioning the seal against
the first surface in a position covering the incision, and positioning the anchor against the
second surface such that a portion of the closure device is positioned extending through

the incision.

2. The method according to claim 1, wherein the method includes placing the closure
device within a cannula, and wherein positioning the closure device includes advancing a
distal end of the cannula through the incision, advancing one of the anchor and the seal
from the cannula, withdrawing the distal end of the cannula through the incision and

advancing the other of the seal and the anchor from the cannula.

3. The method according to claim 1, wherein position the anchor against the second

surface causes the anchor to seal against the second surface in a position covering the

mcision.

4. The method according to claim 1, wherein the closure device degrades following

healing of the incision.

5. The method according to claim 1, wherein the body tissue grows through at least a

portion of the closure device during healing of the incision.

6. The method according to claim 1 wherein the body wall is selected from a group

of body walls consisting of a stomach wall, intestinal wall, and uterine wall.

7. The method according to claim 1, wherein positioning the anchor includes passing
the anchor through the incision and then expanding the anchor to anchor the closure

device within the incision.

-12-
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17. The closure system of claim 11, wherein the anchor includes a strip coupled to the
seal, the strip extendable through the incision, and an element coupled to the strip, the

strip compressible upon application of tension to the element to cause folding of the strip.

18.  The closure system of claim 16, wherein the strip includes a distal portion and a
proximal portion, the strip positionable with the distal portion adjacent the secoﬁd side
and the proximal portion adjacent the first side, the strip compressible upon application of
tension to the element to cause folding of the distal portion to form the anchor, and to

cause folding of the proximal portion to form the seal.
19.  The closure system of claim 11, further including instructions for use instructing a
user to position the seal against the first surface in a position covering the incision and to

position the anchor against the second surface.

20. The closure system of claim 11, wherein the instructions further instruct the user

to adhere the seal to the first surface using an adhesive.

21. The closure system of claim 11, further including a delivery cannula of sufficient

length to extend through an oral cavity into a stomach having the incision.
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1. c1a1ms._11-16,21

A closure system for an interior body wall incision, _
comprising a seal and an anchor and a connector between the
seal and the anchor, with the potentially special technical
feature of openings in the connector positioned to rece1ve
tissue ingrowth.

2. claims: 17-18.

A closure system for an interior body wall incision,
~comprising a seal and an anchor, with the potentially
special technical feature of a strip and an element, wherein
the strip is coupled to the seal, the strip being extendable
through the incision, and an element coupled to the strip,
the strip being compressible upon application of tension to
the element to cause folding of the strip.

3. claims: 135-20

A c]osure-system_for an interior body wall incision with the
potentially special technical feature that it includes
instructions for use.
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